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Cosmic Ray Intensity Variations during 

the Magnetic Storm in May 1959.

J . K . M a n z a n o ,  J . ( t .  H o e d e r e i í  and O . 1¡. H a x t o o u i

('omisión Xa-eional th’ Energía .Húmica ■ .liiieiiox Aíren

( r i o e v u t o  i l  1 S  M a g u i ó  IDt iO)

Summary. ('osm io ray intensity during tlie M ay 1959 magnetic stoim  is 
analysed. using neutrón m onitor and oubio telescope data from Mina 
Aguilar. Buenos Aires, l ’ sliuaia and Ellsworth (Antárctica ). The prim ary 
variation spectrum is estimated according to a m ethod outlined in a 
recent paper (M- The intensity behaviour during recovery is analysed in 
detail. Follow ing results are obtained. The prim ary variation spectrum, 
acting until the 18th of May, has an approxim ate form  given bv 8I)!I>  - 

S/í(/) ■ E  ° 5, valid  ii]) to very  higli energies. Around the lStli, tliis spectrum 
changes its shape at. low  energies ( <  2 (¡eVr), in a sim ilar w ay as it occured 
during the Ju ly 1959 storm recovery. This change may be interpreted 
as an additional rem oval of low  energy partióles, whioli lasted at least 
until the end o f the month. On .May 1-1. intensity variation is quite 
peculiar, in spite of being this a quiet day from the solar and geomagnetio 
])oint of view. A  world-w ide decrease occurs, w itli a superposed, 10 li 
lasting increase, which is particularly liigh at K llswortli (9 %  in the neutrón 
monitor, 2%  for the cubical telesco])e). !t is shown tlia t Ellsworth was 
looated in a 04 im pact zone for a simultaneous solar event. On the 24th, 
a world-wide, small Forbusli decrease occurred, associated w'itli a magnetic 
storm and a decrease in the horizontal component o f the m agnetic lield. 
'Pilis Forbusli decrease, which shows a strong longitude dependence, cor- 
res])onds to a prim ary variation  spectrum which has the same shape as 
that responsable for the general recovery acting at the tim e, i.e., after 
tlie low  energy change on the 18tli.

(*) ,1. <í. R o e iie k e r , O. R. S a n to c iii, .J . C. AXOERSON, ,). M. Cakdoso and ,1. R. 
M anzano: N uoro  Cimento, 18, 120 (1900).
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OOSMIC R A Y  I N T E N S I T Y  V A R I A T I O N S  ETC. [ 137]

1. -  Introduction.

The May l!t59 Forbush decrease (2) was associated witli a sudden magnetic 

slorin eommeneement whieh started at 2318 l rT on !Mav 11. Tliis storm is 
presumably liiiked witli (lie strongest solar liare so far reported in tliis cyele, 
whieh oecured on May 10, al 2102 U T  (3), lasting íor several liours. A  strong 
mercase of low energy proton flux at 10 g/cm2 atmospheric deptli, was reported 
for tlie 12th of May (4). During the reeovery of eosinie ray intensity solar 
and geomagnetic activity was still liigh. Particularly on the days 11, 13 and 17, 

1 lie solar B T  48 región was extrem ely active, G-eomagnetic activ ity  was liigh 
011 days 15 and 24.

In the present paper, cosmic ray modulation effccts during tliis period 
will h(“ analyscd, and their connection to solar and geomagnetic activ ity will 
be discusscd.

I ’ ecords from follow ing stations were nsed in tliis analysis: neutrón monitor 
.Mina Aguilar (4 000 m o.s.L, 12° S geomagnetic latitude), neutrón monitor and 
eubical telescope Buenos Aires (sea level, 23° S), neutrón monitor Usliuaia 
(sea level, 43° 8) and neutrón monitor and eubical telescope Mllswortli (*) (sea 
U'vel, t>7° S). ( ’ubical telescope data were corrected for pressure only. For 
tliis reason, tliey w ill be considered for qualitative arguments only. Ilourly, 
or bihourly percentage variations are shown in Fig. 1. The reference level 
is given by the mean intensity during quiet days preceding the increase in 
geomagnetic activ ity  on the 4th of May. .Buenos Aires neutrón monitor data 
are not shown; percentage variations coincide witliin minor tluctuations witli 
t lióse at Mina Aguilar. K P valúes and the horizontal eomponent of the eartlfs 
magnetic ludd recorded at P ilar (A rgentina), are shown below.

A  tirst inspection of Fig. 1 suggests to divide tlie whole period into seven 
subintervals:

1) 'May 11, 23 U T  — May 13, ~ 2 2 U T :  big Forbush decrease associated 
with a 8 (1 magnetic storm, wliicli lasted 24 liours. Gradual intensity reeovery. 
Strong solar activ ity  on l l  and I3th.

2) M ay 13, 22 U T  -  M ay 14, 18 IT T : sudden decrease o í  several percent, 
followed by an increase, dotected at all stations, whieh lasted about 10 liours,

f J) F .  B a c i i e l e t ,  1\  B a l a t a ,  A .  .M. C o n f o r t o ,  W  f u c c i  a n d  ( ¡ .  M a k i m :  X u oro  
Cimento, 13, 1055 (1959).

(3) Prelim inar!/ reporta, llir/h A ltitude O'oservut'try (Boulder. Coló.).
(*) K. 1’ . X E Y, ,1. E . W i n c k i .e k  and I ’ . S. F r e i e i í : Phys. P e r. Letl., 3, 183 (1959).
( ' )  O p e r a t e d  i n  c o l l a b o r a t i o n  w i t l i  t l i e  U n i v e r s i t y  o f  C a l i f o r n i a  a n d  t l i e  I n s t i t u t o  

A n t a r t i c o  A r g e n t i n o .
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and wliicli is very  strong for the Ellsworth nucleón intensity. Intensity falls 
baek to a mínimum, whicli by the way is the absoliite mínimum for tlie whole 
M ay disturbante. N o im portant flare was reported for this day; geomagnetic 
activ ity  was at lowest. leve l eompared to preceding and foüowing days.
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F ig . 1. -  l ’ ereentage variations o f intensity for different detectors. K „  Índices and 
horizontal oomponent o f geom agnetic tield intensity are shown below. The división 
o f 1he whole period into seven subintervals according to cosmic ray heliaviour is indi- 

cated. For fnrlher details, see text.

3) M ay 14, 18 ITT -M a y  18: almost undisturbed reooveiy at all sta- 
tions. The magnetic storm on the ,15th apparently liad no influenee on eosmic 
radiation.
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1) "Mav 18 -  ÜMay 21, ~  12 TXT: general leveling off and/or decrease of 
intensity. >'o peculiar geomagnetic events, except constant high activity. 
Solar activ ity  was high on the IT tli, decreasing gradually afterwards.

•">) ‘May 21, ~  12 IT T -M a y  24, OfiTTT: undisturbed recovery, except at 
Buenos Aires N'.M. and C.T. Xo appreeiable change in geomagnetic activ ity ; 
solar activ ity  steadily decreasing.

(i) M ay 24, 00 ITT - Ütay 25, 24 ITT: small Forbusli decrease associated 
with a magnetic stoim  of sudden comniencement starting 05.40 UT, and a 

pronounced decrease in horizontal eoinponent. 'Not.ice tlie «fin e  structure » 
reproduced by all detectors, of two well separated decreases, or maybe one 
decrease with superposed inerease at ~  1800 ITT on the 24tli.

7) M ay 2 6 -M a y  30: recovery at low latitudes, and leveling off at higli 
latitudes. G-eoniagnetic activ ity  decreasing fast. A fte r  the 30th geomagnetic 
a c tiv ity  increases again.

It is a remarkable feature of some of tliese well defined subintervals of 
characteristic cosmic ray behaviour, tliat it is diffieult to establish a plausible 
causal relat ionship with large solar and terrestrial plienoniena so far reported.

2. The primary variation spectrum.

The first task w ill be to determine 
the approxiniate forin of the primary 

variation spectrum, and to establish 
w h eth erit changed from interval to 
interval. W e ap])lied the method 
given in (*), in order to estímate the 
parameters of the variation spectrum, 
expressed in the a])])roximate form

8I> for / í< £ „ ,

l> 1 0 fo i‘ / í > f „ .

Bihourly A/ vectors ( f1), Section 2) 
for the pair of neutrón monitors EIls-

F ig . 2. -- l ’ ereentage intensity variation  
diagram  for Kllsworth and Mina Aguilar 
neutrón monitors, t'or the lst aiul 3rd 
subinterval. The inorease oocuring during 
1 lie '2nd sub-interval is exeluded. The 

hest tit line is sliown.
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worth-'Mina Aguila r and Uslmaia-ÜVIina Aguilar are shown ¡11 Fig. 2 and Fig. 3, 
respectively. From  the prestorni increase until the 17tli, 24 U T, the best fit

is obtained for

W . M A  =  J- 6 5  ±  0 - 1 0  >

W  =  !-22 ±  ° -12 ■

In Fig. 2, we omitted the interval 05 
U T  to 15 U T  of the 14th, during whieh 

the steep increase at FlLsworth occur- 
red. X otice that both decreases, that of 
the l l th  and that of the 14th, do not 
show any appreciable difference in a. 
Tliis suggests that the priniary variation 
spectrum (lid not change during the 
additional decrease in the second subin- 
ten 'al. I 11 other words, both modulation 
inechanisms were of the sanie type, 
liaving linearly superposed effeets 011 

cosmic ray intensity ( 5).
In order to llave a further intenne- 

diate point in the Southern hemisphere, we used data from ]\tt. W ellington (*), 
whieh has a geomagnetic cut-olt of 2 (leV  tota l energy, according to (6). 
AVe obtain

y =  1 52 -L- 0 ()<)M TW KLL-M A ---  1 _L-

Using the theoretical curves given in ( '), coni])leted witli those for Usliuaía 
and Alt. W ellington, we get a best fit for a spectrum of the form

y — 0.48 J 0.05 ; e0 ~  00 .

I 11 F ig. 4, theoretical curves for a ave represented as a funetion of y , assuming 
—- 00. The experimental a valúes w itli their errors are marked on the curves.

(5) .1. ( ! .  R o e d e r e r ,  O .  R .  S a n t o c i i i ,  (\ A n d e r s o n ,  J. M. C a r d o s o  a n d  ,1. Tí. 
M a n z a n o :  N - u o r o  C i m e n t o ,  18, 131 (1960).

( * )  W e  t l i a i i k  t l i e  ( ’ o s r n i e  . R a y  ( ¡ r o u p  o f  1 l i e  t ’ n i v e r s i t y  o f  T a s m a n i a  f o r  s e n d i n g  

t l i e i r  d a l a .

(6) J. .1. Q u e n b y  a n d  W .  11. W e b b e r :  P h il. May., 4, 1)0 (1959).

-«1*Vco

-5%

í  r
Mina Aguilar

--5 %

- 1 0 %

a=1.22 „
Ushuaia

F ig . 3. -  Item  F ig. 2, for l's liuaia ex. 
Mina Aguilar. Data of tlie 1 ltli of May 

are not available for l'sliuaia.
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I ii order to elim ínate the intense daily variation, \ve smoothed tlie per- 
«■entage variations taking 24 hour moving averages after the 15tli, 00 U T. 
W e excluded from tliis procedure the whole ft-th subinterval, in wiiicli the

F ig. 4. - Theoretical curves for the coíficient a, corresponding to  a variation spectrum 
o f t y pe 8 ext endi ug to liighest energies ( f „ =  oo). Experim ental valúes are indícate»!.

small Forbush decrease took place. Fig. 5 shows the S í correlation diagram 
for Kllsworth-Mina Aguí lar using average intensity. A  clear departure i'roni 
th»“ in itial a =  1.65 line is seen after the I8t.li of May, i.e., after the 3-rd snb- 
interval. According to the discnssion given in Section 2 of (*), wre conclude 
that a change in the primary variation s])ectrum occurred around the 18th, 
and lasted for the rest of the period. Fig. f> 
shows the corresponding diagram for the pair 
of stations Usliuaía-Mina Aguilar. í fo  appreci- 
able change is seen after the 18th. In order 

to assure that tliis change was not a local 
eltcct, extendiug to high energies at Ellsworth, 
we correlated the intensity variation of both 
dt'tectors, ÍT.M. and C.T., at Ellsworth. The

Fig. 5. I ’ercentage variation diagram for smoothed 
intensity, for tlie pair «>f neutrón monitors K llsw orth- 
Mina Aguilar. corresponding to the days after the 
second sub-interval. Data from .Mina Aguilar for 
the l.Hth of May are not available. The change in 
the xlope occuring after the :i-rd subinterval is indi- 

cated (see text).
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Fig. (i. - Ile in  F ig . />, for the 
pair Fshuaia - Mina Aguilar. No 
appreciable change after the 18tl\ 

is revealed.

curve of Fig'. 7 is obtained. The departure 
starting onthe 18th clearly indieates a change 
in the low energy part of the ¡ocal primary 
variation spectrum.

U o  speeial solar or terrestrial event was 
reported for the 18tli. The most. one inay 
assume, is a connection w itli the strong solar 
activ ity  011 tlie 17tli, which in some way 
eaused a long lasting depressiou in the flux 
of low energy particles. W e point out that 
during the recovery after the third Julv 
storm, a similar, but slower, change in the 
primary variation spectrum occured after 
the 19th-20th of July. In  summary, in botli 
storms, M ay and July, low energy particle 
intensity recovered slower than the higli 
energy flux. Notice that the magnetic storm 
of the 15th of May liad no ei'fect on cosmic 

ray intensity.
Finally, coming back to Fig. 2, we realize that all A f  vectors correspondíng 

to the sudden decrease on the l l t l i ,  lie well above the a =  1.65 line. This 
ei'fect, which is also found for the first July storm 
(see Fig. ti of ( ’ )), is due to a shift in time of 
<-osmic ray storm commencement between Ellsworth 
and Alina Aguilar. An analysis of this longitude 
effect ( 7) shows that Ellsworth is (54 ±  6) minutes 
late with respect to Alina Aguilar in the May 
.storm commencement. M t. W ellington turnes out 

to be íí*4í>”* ±  10M late.

Fig. 7. -  Item  Fig. 5, for the neutrón m onitor vs. 
cubica! telescope at E llsworth. CT data for the 18th 
are not availahle. Again, a departure from  the original 
line is clearly shown for the days fo llow ing tbe 3-rd 

subinterval.

-5% 
—i—

Si CT /.
/

/
/

30

( ’ ) -I- IS
i n press.

R o e iíe r k k , J. R . M an z a n o  and O. R . Sa n t o c ii i : preprint .C.2Í.E.A.
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3. -  The increase on May 14.

Ellsworlh
nucleón

Fig. 8 shows half-liourly data recorded at ouv different stations on the 
14th of 'May. Percentage valúes are referred to the mean intensity at tlia t 
day. The increase at Ellswortli is many times greater tlian at tlie other 
stations (including '.MI. W ellington and 
otliers). Tt is of about 9%  for ÍT.M. and 
2%  for C.T. Tt starts at (0600±  0015) U T, 
both for N .H . and O.T. Intensity decays 
gradually nntil 1800 UT, wlien it  reaches 
again a niinimum (absoluto mínimum 

of the l\tay stonn). ( IT .  data are not 
available after 1000 UT. Y io len t fluc- 
tuations occur during tlie intensity decay 
in the nucleoide component; careful ehecks 
of equipment operation defm itely rule out 
the possibility of attributing these fluc- 
tuations to equipment unstability.

Increases at Mina Aguilar and Ushuaia 
are of much sma 11er amplitude; the inten­

sity rise is more gradual, except at Mina 
Aguilar, where a rather sudend jum pis seen 
at 0330 U T. Tliis is conflrmed by 15 
minute data. In principie, it  would be 
hard to rule out entirely a contribution 
of daily vari a ti on, Avliich is quite high 
during neiglibouring days, the máximum 
occurring just around 1000 U T. TTowever, 
a brief inspection of data from  stations 
dilfering substantiallv in longitude from

Ellsworlh
mesón

Mina Aguilar 
nucleón

Ushuaia 
nucleón 

(one secrion 
hourly valúes)

ours, still shows the existence of an increase
F ig . 8. -  30 mili data for 1 lie 14tli 
o f M ay, sliow ing tlie  sudden increase 
w itli subsequent decay at E llswortli, 
and tlie  m inor increases at Mina 

Aguilar and Uslmaia.

occurring at nearly the same U T  interval.

The magnitudc of these increases, 
nderred to a level represented by the 
extrapolation of the intensity curve of 
the 3-rd interval into the seeond sub-
interval (F ig. 1), is given by the follow ing rough figures: Mina Aguilar 1 .4% ; 
Uslmaía 2.5% ; Mt. W ellington  3.2% ; EUsAvorth 5.t>% (mean over 5 liours). 
These valúes correspond to neutrón monitors only. Fxcluding Ellwsorth, and 
taking 'Mina Aguilar as reference, we obtain from  Fig. 4 a variation spectrum 
of y ~  0.9. Tliis valué is similar to the exponent of the priinary variation spec-

§
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trum ni' tlio daily variation (8). The strong increaKe at Ellsworth might be 
interpreted as aii additioiml enliancement of tlie priniary low energy flux.

The most striking feature of these increases, particularly tliat deteeted at 
Ellsworth, is tliat there was 110 .siinultaneous solar event to which it m iglit 
liave been associated. No flare was reported (*), and geomagnetic aetivity 
was remarkably low at tliis day, compared to preceding and following days (**). 

If we nevertheloss suppose that tliis additional flux at Ellsworth was of solar 
origin, and com]iute impact zones for a solar event which took place at about
0000 l 'T  (9), we get the picture of Fig. 9. Some cosmic ray stations located 
in o f uear impact zones are shown.
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F ig. !). -  rmpact zones for a solar event occuring at 0600 U T  on M ay 14.

W it l i  respect to Ellsworth, we note that tliis station lies uear the Southern 

<‘<lge of the impact zone (drawn for a rig id ity of 1 GV). These impact zones, 
however, are calculated using the centered dipole model, for which the geo­
magnetic cut-oít at Ellsworth would be of about 0.4 ( iV  only. Taking into 
account higlier oi'der corrections, as given  in (6), the real sitúation must be 
different from  that sketclied in F ig . 9. The impact zones will be distorted by 
tliis multipole correction. In the particular case of the « 0 4 »  impact zone in 
the Southern hemispliere, it w illb e  displaced several degrees southwards. There 
is therefore a great chance for Ellsworth of liaving been situated in the true 
impact zone during the increase 011 M ay 14. AVe look forward to analyse 15 minute 
data from  other stations lying in or near tlie impact zones shown in Fig. 9.

( s) L.  í. D o r m á n :  Costn-ic l ío y  Translat ion, Teelm ical Documenta
Liaison Ollice, W right-PattersOn A ir  Forcé Base, Oliio.

(") Sote added in proof. - In  the meantime, a eouple o f fiares o f ini])ortance I and 
one of im portance 2 were reported to us.

(**) Tliis, however, m ay he o f sonie signiflcance.
('■>) ,1. \Y. F ikok  : rh))H. Iter., 94, 1017 (1954).
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4. -  The magnetic storm of May 24.

Cosmic ray intensity behaviour during the 6-tli subinterval (Fig. 1) is of 
greatest Ínteres!. In our stations Afilia Aguilar, Buenos Aires and Ellsworth 
(Usliuaía cannot be taken into account in v iew  of the high statistical liuetua- 
tions), a first, very small decrease occurs almost 
sinmltaneously with the magnetic storm com- 
mencementi. Then, intensity rises again for some 
hours, falling back to a mínimum towards midniglit.
This secoiul deci'ease is much more pronounced 
(han the tlrst one, and coincides more or less with 

tlie decrease in the horizontal component. ( ’onsid- 
ering the reduced amount of data from l'oreign 
stations available to us at present time, it is not 
clear to us whether this splitting up into two 
decreases is of world-wide character or not.

I f  we eonsider the second, bigger decrease as
1 he « truc » Forbush decrease, it shows an extrem ely 
strong longitude dependenee: Ellsworth is about 
two hours in advance with respect to Mina Aguilar:
Home (2) leads 5 hours and Mt. W ellington as 
irnicli as 12 hours.

This shift in time has to be taken into account 
in our A í  vector diagrams. The result is shown m Kig. ni, tor rne pair ot 
stations Ellsworth and Mina Aguilar; the latter liaving been delayed two hours 

with respect to the former. The slope is given bv

=  3-3 ±  0-2 ,

which is more or less coincident with the (2.6 ¿  <>-2) slope corresponding to 
the general variation at that time (see Fig. 5). a valúes for other stations are

x  =  1 3 -4- 0 Q

y =  1 f> -1- 0 2M T W KLI.-M A -L * "  -C  w , “ ' *

Tliese results, together with tlióse of Sect. 2, tell us that the primary va ­
riation spectrum acting after the 18th, did not change its form appreciably 
during the storm of M ay 24; it merely modulated its amplitude. A Ve insist 
on tli(‘ fact that it is not the original variation spectrum, responsible for the 
tirst stage of the big storm, which is left untouched by the May 24 storm. 
Kather, it is the modiüed spectrum, acting after the 18tli, to which a similar 
variation spectrum is superposed on the 24th. In other words, the relativo 
depression of low energy üux, present after the IStli (Sect. 2) is not removed 

ñor changed during the storm in the 6-tli subinterval. The cosmic ray modu-

Fig. 10. -  l’ercentage in­
tensity variation diagram 
for tlie small Forbush de- 
crease occuring on .May 24, 
for neutrón monitors at 
Ellsworth and .Mina Aguilar.
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luí ion nieclianism for tliis storm must be the sanie, although imlepeiidontly 
acting, ;is that responsible for the general reeovery during its tinal stage. Tliis 

result, if eonUrmed to be of wovld-wide eharacter, may be used as a clieck of 
diiferent theories for modulation mechanisms whicli cause eosmie ray Forbush 
decreiises.

lí'inally, as ¡in alternativo, we ni ay advanctí the hypothesis that. wliat 
we see during the ti-th interval, is a Forbush decrease st-arting more or 
less in coincidence witli the sudden conmiencement of the magnetic storm 
(0510 l TT ), and to wliicli an extra ílux oí primary partióles is superposed. 
'Pilis extm  flux causes an intensity increase, whieh lasts (8 -t-10) liours and whieh 
is strongly longitude-dependent. Once tliis Ilux vanislies, intensity falls baok 
to the corresponding Forbush decroiise level.

*  *  *

We thank 11. G iu e l . u e t t i  (E.F.I.N.fc>., Chicago) íor valuable mformations 
and .Mrs. A . M a n z a n o  and Miss L. J L a x fra n o o  fo r collaboration in the cal- 
eiilalions.

H 1 A SS l ’ N T O  (*)

si ¡malizza lin ten s itá  itei raggi cosmici durante la tempesta magnética del -Mag- 
gio 1959. usando i dati ilei rive la tori di neutroni e dei telescopi cubici di .Mina Aguilar, 
lineaos Aires, t'shuaia et Ktlsworth (Antárctica ). L o  spettro di variazione dei primari 
<■ stim ato secondo un método delineato in uno scritto recente ( ') .  Si analizza detta- 
g liatam ente il com portam ento dell'in tensita durante la ripresa. Si ottengono i seguenti 
risultnti. Ia> spettro d i variazione d i prim ari, che agisce sino al 18 Maggio, ha una 
forma approssimata data da d l)¡1 ) ók (i) •7v1’-5 valida sino ad altissime energie. Verso 
il 18 questo spettro cambia form a a basse energie ( <  3.5 G eV ), in modo simile a 
(|iianto acciulde durante la ripresa dopo la tem pesta del luglio 1959. Questo cambia- 
mento pu<> essere interpréta lo come una rimozione addizionale delle particelle di bassa 
energia, clie si protrasse almeno sino alia line del mese. 11 14 M aggio la  variazione 
di intensitñ e spiccatamente peculiare, m algrado clie questa fosse una giornata tran­
quilla dal punto di vista solare e geomagnetico. Si ha un decremento su scala m oli­
díale, con un incremento sovrapposto, durato 10 ore, che é particolarm ente alto ad 
Kllsworth (9 ° 0 net rivelatore d i neutroni. 2%  nel telescopio cubico). Si mostra clie 
Kllsworth era collocato nella zona d 'urto 04 per un evento solare simultaneo. II 24 
si ebbe un piccolo decremento Forbush su scala mondiale, associato ad una tempesta 
magnética ed un decremento nella componente orizzontale del campo magnético. Questo 
decremento di Forhusli. che i' spiccatamente dipendente dalla latitudine, corrisponde 
ad uno spettro di variazione dei'p rim ari che lia la  stessa form a di quello cui e dovuta 
la ripresa generale in azione al momento, cioe. do]io il cambiamento nelle basse 
energie del 18.

(•) Traduzione a cura del la liedaeione.
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